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Introduction
The small intestine represents 75% of the length and 90% of the absorptive surface of the gastrointestinal system [1] . Despite its prime role in digestion, the small intestine is a relatively rare location for the development of neoplasms, accounting for only 2% of all gastrointestinal cancers, 0.4% of total cancer cases and 0.2% of all cancer deaths [2] . Worryingly though, the incidence of small intestine cancer increased substantially between 1973 and 2004 [3] , and others have noted that this trend disproportionately affects Caucasian men [4] . This nonuniform increase across population groups suggests that the rise is not due to improved classification of tumour location, generating a need to better understand the causative factors of this malignancy.
Amongst the different histological types of small intestine cancer, small intestine adenocarcinoma (SIA), derived from mucosal gland epithelium, is amongst the most common [5] . It accounts for 50%, 20% and 15% of duodenal, jejunal and ileal cancers, respectively [3] .
Clinical manifestations of SIA are usually non-specific and appear late in the disease, presenting a challenge for physicians, since patients often present with advanced cancer [6, 7] . This late presentation is coupled with a poor prognosis for SIA, which currently has an overall 5-year survival rate of approximately 30% [8] . Therefore, in order to reduce future cancer burden, research emphasis must focus on preventative measures that may reduce SIA risk.
Certain medical conditions, including hereditary nonpolyposis colorectal cancer (HNPCC),
Peutz-Jeghers syndrome and Crohn's Disease have been established as risk factors for SIA [6, [9] [10] [11] [12] [13] [14] . However, little is known about modifiable lifestyle factors that may be related to SIA, even though such factors are of considerable aetiological importance for other tumours of the gastrointestinal tract [15, 16] . The purpose of this article is to conduct a novel systematic review, and meta-analyses where possible, evaluating the association between lifestyle factors and SIA development. The search strategy also incorporated limits to studies conducted on humans. Case studies, case series and review articles were removed, however no language restrictions were specified.
Methods

Search strategy
Data extraction
Titles and abstracts were independently examined by at least two reviewers (CB, HC, PV, MC,
CL &/or LM) to assess eligibility for the review using 'PICO' criteria: were contacted to retrieve SIA specific data. Methodological quality was evaluated using the Newcastle-Ottawa Scale [17] to assess the selection of the study groups (zero to four points); the comparability of the groups (zero to two points); and the ascertainment of the exposure or outcome of interest (zero to three points).
Narrative synthesis and statistical analysis
Following critical review of each study, a narrative synthesis was compiled. Where possible, the association between cancer risk and lifestyle factors was summarised in meta-analyses by comparing risk in the highest to the lowest reported category of exposure. Adjusted relative risk estimates (RR) and their corresponding 95% confidence intervals (CI) were extracted from published reports for each study. In case-control studies adjusted odds ratios (OR) were used, whereas adjusted hazard rate ratios (HR) were extracted from cohort studies, both of which should approximate RR since SIA is extremely rare [18] . Random-effects models were used to calculate pooled RR and the I 2 statistic [19] was calculated to quantify the degree of heterogeneity between studies. Study specific weights in the random-effects model were calculated and scaled to percentages. An a priori decision was made to perform meta-analyses only for lifestyle risk factors that were investigated by at least 3 published studies. This meant that meta-analyses were possible for alcohol and smoking as risk factors for SIA. Publication and selection bias was investigated by checking for asymmetry in the funnel plots of the study RR against the standard error of the logarithm of the RR [20] . Sensitivity analyses were performed for alcohol and smoking meta-analyses by systematically removing each individual study in order to assess its effect on the pooled result estimates and accompanying heterogeneity. Statistical analysis was conducted using the metan package in Intercooled STATA version 11.2 (StataCorp 2005, College Station, TX, USA).
Results
As shown in Figure 1 , screening of the 2,319 papers identified in our search strategy resulted in nine publications [21] [22] [23] [24] [25] [26] [27] [28] [29] deemed eligible for inclusion in the review. The characteristics of these are summarised in Table 1 and consist of four studies from prospective cohorts or consortiums [21, 23, 24, 28] , two population-based case-control studies [25, 29] and three hospital-based case-control studies [22, 26, 27] . These studies, of variable quality, originated from America, Europe and a large Asian cohort consortium ( Table 1 ).
Alcohol
Four case-control studies and one cohort study examined alcohol consumption and SIA risk [22, 23, 26, 27, 29] . As shown in Figure 2 , the pooled RR for those consuming the highest versus lowest category of alcohol intake was 1.51 (95% CI: 0.83-2.75) with heterogeneity of 61.4%.
Sensitivity analysis significantly altered the results shown with the removal of the Negri et al study [27] , making the pooled RR 1.82 (95%CI: 1.05-3.15) and a reduced heterogeneity of 28.0% ( Figure 3 ). Removal of other studies in sensitivity analysis did not markedly alter the results shown, or accompanying heterogeneity ( Table 2 ). In addition, Kaerlev et al [26] investigated specific alcoholic drinks and observed significant increased risks of SIA for heavy consumers (≥25g alcohol/day) of beer (OR 3.5; 95% CI: 1.5-8.0) and spirits (OR 3.4; 95% CI:
1.3-9.2) but not wine. Contrastingly, no links between differing alcohol types and SIA risk was observed in an American case-control study [29] .
Smoking
Four case-control studies and one prospective cohort study examined smoking and SIA risk and were able to be included in meta-analyses [22, 23, 26, 27, 29] . As shown in Figure 4 , the pooled RR for those in the highest versus lowest category of smoking was 1.24 (95% CI: 0.71-2.17), with moderate evidence of heterogeneity (38.5%). Sensitivity analysis excluding the results of individual study estimates did not significantly alter the results shown (Table 2 ). It should be noted that the measure of smoking exposure was relatively crude in some of the included studies, with few attempting to quantify smoking intensity or duration ( Figure 4 ). Wu et al [29] did additionally report that the non-significant increased SIA risk remained for former smokers and by different strata of smoking intensity, duration or age of smoking initiation.
One cohort consortium [21] also reported observing non-significant direct associations between smoking and overall small intestine cancer risk, which remained in analysis of SIA only. However, this study did not present RR and 95% CI for SIA risk and therefore could not be incorporated in our meta-analysis.
Diet
Five studies assessed the relationship between various dietary factors and SIA risk [23, 24, [27] [28] [29] . Three publications [23, 24, 28] originated from the large American National Institutes of Health-AARP Diet and Health Study. After adjustment for potential confounders outlined in Table 1 , non-significant direct associations were observed between SIA risk and fat, processed and red meat intake [24] in that cohort. The latter finding was stronger in an Italian casecontrol study [27] , which reported a significant increased SIA risk in subjects consuming more than five portions of red meat per week (OR 4.57; 95% CI: 1.01-20.81). The most recent NIH-AARP study investigated multivitamin use but did not find any significant associations with SIA risk (HR; 1.34 95% CI: 0.70-2.57) (23) . Furthermore, another case-control study [29] described an increased SIA risk for males who regularly ate foods high in heterocyclic aromatic amines (fried bacon/ham, barbecued and smoked meats, fish); no similar associations were found for female subjects, or for all subjects combined.
Various aspects of carbohydrate intake have also been investigated in relation to SIA risk in these studies. Non-significant inverse associations were identified for fibre and wholegrain intake and SIA development in the American cohort study [28] . Alternatively, the American case-control study determined that SIA risk was heightened by the practice of adding sugar to either coffee or tea (OR 2.5; 95% CI: 1.2-5.4) and by daily consumption of sugar-sweetened carbonated soft drinks (OR 3.6; 95% CI: 1.3-9.8) in both males and females [29] . An Italian case-control study [27] also reported significant direct association between sugar, bread, pasta and rice intake and SIA risk. The same study reported potentially protective effects against SIA development for individuals consuming the highest weekly intake of vegetables (OR 0.27;
95% CI: 0.09-0.85) and, to a lesser extent, coffee.
Body fatness
Three studies assessed BMI as an exposure for SIA risk [21, 23, 27] . One case-control study has explored body fatness and SIA development, in which risk was significantly elevated for underweight individuals [27] . There may be a U-shaped relationship for body fatness and SIA risk, since the Asian cohort consortium [21] reported significantly elevated risks for overweight individuals also (RR 1.89; 95% CI: 0.63-5.68). Finally, the highest increased risk in the NIH-AARP cohort [23] was in the severely obese (BMI >35 kg/m 2 ) category (HR: 1.35 95% CI: 0.56-3.28), however this was not statistically significant.
Socio-economic status
The relationship between SIA risk and socio-economic factors, reflected by either education [23, 27] or occupation [25] , has been explored in three studies. No significant associations were observed between education and SIA carcinogenesis [23, 27] , whereas several occupations were found to carry significant elevated SIA risks in a European study [25] . This included men employed as building caretakers and welders, and women employed as housekeepers, general farm labourers, dockers, dry cleaners or launderers, and textile workers [25] . Moreover, direct dose-response relationships were noted for duration of employment and SIA risk in many of these occupations [25] .
Other Factors
One cohort study investigated self-reported physical activity and SIA risk [23] . A nonsignificant association was identified for SIA risk in individuals self-reporting that they undertook vigorous physical activity 5 times/week compared with those undertaking no vigorous physical activity (HR: 0.67; 95% CI: 0.33-1.34).
The same cohort study [23] also investigated menopausal hormone therapy use and SIA risk and noted a decreased risk of SIA in current HRT users (HR: 0.51; 95% CI: 0.21-1.24), and an even greater decreased risk in former HRT users (HR: 0.51; 95% CI: 0.04-2.40), compared with never HRT users. However neither of these results achieved statistical significance.
Discussion
Nine observational studies investigated a range of modifiable lifestyle factors and SIA risk.
Meta-analyses suggested that alcohol consumption may increase the risk of SIA and tobacco smoking may be associated with a non-significant increased SIA risk. Limited data suggested that consumption of excess meat and sugary drinks may have an aetiological role for this cancer, while both low and high body fatness were linked with SIA risk. The association between socio-economic status, other lifestyle factors and SIA development remains uncertain.
Pooled analysis of the five studies that reported on alcohol intake did not give a significant association, however sensitivity analysis with reduced heterogeneity and the removal of the Negri study showed a significant 82% increased risk of SIA in the highest category of alcohol consumption versus the lowest consumption category. The Negri et al study [27] was an Italianbased case-control study and may have differed from other studies due to its lower quality scale score or the classification of alcohol intake used (with the lowest category as 2 drinks/day and highest category as >2 drinks/day). Interestingly, one European study implicated specific alcohol types such as beer and spirits as having an aetiological role in SIA development [26] , however this was not replicated in an American study [29] . These differing results may be due to the difference in approach to collecting data on alcohol use between the studies and further work is required to explore this suggestion.
Alcohol has previously been associated with cancers of the head and neck, oesophagus, breast, liver and colorectum [16] . It is suggested that acetaldehyde, the genotoxic primary metabolite formed by the breakdown of ethanol may be carcinogenic [21, 30] . Evidence further suggests that reduced folate levels and inhibition of key enzymes in one-carbon metabolism from alcohol consumption lead to altered patterns of DNA methylation, the mechanism of translational control, to influence cancer growth [31] . There is some evidence to suggest that ethanol may also act as an irritant to the small intestine mucosa, disrupting the mucosal barrier and therefore increasing susceptibility to other carcinogens [32] .
Pooled analysis of data from the five studies that reported on tobacco use showed no significant increase in SIA risk for smokers. Smoking and exposure to tobacco have been cited as the leading single avoidable cause of cancer [16, 33] . Possible carcinogenic mechanisms operating in the small intestine include the deposition of tobacco-specific nitrosamines via the circulatory system, impaired induction of enzyme systems that detoxify polycylic aromatic hydrocarbons and a reduced cellular response to immune challenge [33] .
Five studies within the systematic review identified a breadth of dietary exposures and SIA risk. Publications arising from a well-conducted cohort study [23, 24, 28] observed a nonsignificant trend for reduction in risk of SIA with fibre and wholegrain intake and only weak direct associations with fat or meat intake. A number of epidemiological studies have found dietary fibre, and more recently whole grains, to be inversely associated with colorectal cancer [34] . It has therefore been hypothesised that protective associations in the large intestine may also exist in the small intestine. Fibre and whole grain are involved in bile acid and carcinogen binding, and decrease transit time in the small intestine, resulting in less contact time between potential carcinogens and the mucosa surface [35] . These biologically plausible mechanisms and suggestion of a protective effect warrant further investigation in future studies.
The potential for an increased risk of SIA with high red meat intake is not surprising, as red meat is a source of several known mutagenic mutagens, including heterocyclic amines [36] , polycyclic aromatic hydrocarbons [37] , and N-nitroso compounds [38] . These mutagens have been associated with other gastrointestinal cancers, including colorectal and oesophageal cancers [39, 40] . Increased SIA risks were reported by the two case-control studies reviewed [27, 29] , but were not statistically significant in a cohort investigation [24] . The discrepancy between these study designs may be due to recall bias and differences in the dietary assessment tool utilised. Other evidence from the case-control studies suggest vegetables may have a protective effect on SIA risk [27] , while the use of sugar in tea and coffee and consumption of carbonated soft drinks may increase SIA risk [29] . Clinical experimental data exists to suggest a biological basis for both observations [41] , however this area requires more research.
Three published studies have considered the relationship between BMI and SIA [21, 23, 27] , one of which found a tendency towards increased risk for underweight individuals [27] , while the others found increased SIA risks for overweight/obese individuals [21, 23] . The existence of a U-shaped association between body fatness and cancer risk has been demonstrated for other cancer sites, particularly for smoking-related malignancies [16, 42, 43] . This may reflect malnourishment associated with limited calorie intake that would arise in low body fatness [16] , while excess body fat has a number of detrimental health effects, such as insulin resistance, that may lead to cancer development [44] , in addition to reflecting a sedentary lifestyle. Only one study investigated physical activity and observed a non-significant decrease in SIA risk with increasing hours of physical activity. Physical activity may decrease SIA risk due to increased insulin sensitivity, weight maintenance, and transient systemic acidosis, which may delay cancer progression [45] . Further research is warranted, although measurement of physical activity in large cohort studies is difficult.
A number of occupations were associated with an increased risk in a European study, namely dry cleaners, textile workers and welders [25] . Workers in these occupations may have been exposed to chemical agents, such as perchlorethylene, which have been associated with other cancer aetiology [46] . Further studies focusing on specific exposures in these occupations would help to characterise these further, and possibly identify common exposures among cases of SIA. Limited evidence would suggest these findings are not a proxy for socio-economic status, since no significant associations were identified in one study that assessed educational status and SIA risk [25] . One study investigated HRT as a lifestyle risk factor and no significant results were observed [23] . The associations identified in this study should be regarded as exploratory, and require further investigation.
The magnitude of the observed associations for lifestyle factors, however, is relatively small compared with those known for the established non-modifiable risk factors of SIA. Namely, HNPCC, which is caused by a germline mutation of a DNA mismatch repair gene [14] , and carries a varying risk of developing SIA depending on mutations and stage of syndrome. The relative risk estimate of SIA for MLH1 mutation ranges from 25 to 291 [47] , and 103 for MSH2 mutation [48] . However lifetime cumulative risk of SIA is low, between 0.6% and 1% [9, 13] .
Further, patients with Crohn's disease or Peutz-Jeghers syndrome carry 12-fold and 52-fold increased risks of SIA, respectively [11, 49] . Although the increased risk of SIA with lifestyle risk factors is much lower than the aforementioned risk factors, the results are still of importance due to the increasing incidence of the disease and potential to modify this.
This systematic review has some limitations. Several studies were excluded that studied the relationship between lifestyle risk factors and small intestine cancer as a single entity. These were discarded because the histological types differ significantly in their biology, and different risk factors may be operating in each. This review focussed on SIA for several reasons: it is the most common histological subtype, the incidence is rising, clinical diagnosis is difficult, and 5-year survival is poor [3, 8] . Whilst we had to exclude studies that evaluated risk of small intestinal cancer overall, these generally found associations for lifestyle factors, in line with the findings in the current review [50] [51] [52] [53] [54] [55] . The majority of published work has been of a casecontrol nature, mainly due to the rarity of the disease. Opportunities to improve study quality could be achieved through improved measurement of exposures or by establishing consortial studies, such as the included Asian Cohort Consortium [21] to provide information on a larger number of cases through pooling of data. Aside from this consortium, the remaining studies largely reflect Western populations, meaning that our conclusions have poor generalisability to other population groups. However, a major strength of this review is the inclusion of novel meta-analyses of smoking and alcohol in relation to SIA risk, which may guide future research directions in this area.
In conclusion, high alcohol intake may be associated with an increased risk of SIA, and smoking may be associated with a non-significant increased risk. Red/processed meat and sugary drinks may be positively associated and fibre intake and normal body weight inversely associated with risk of SIA. However, these links require further investigation. Due to the low incidence of SIA, further case-control studies or large cohort studies would be welcome to address the paucity of evidence in this area. 82 (1.05-3.15 ) 100 I-squared = 28.0%, p = 0.033 0.5 1 2 3 4 5 

Method of addressing articles published in languages other than English
Methods, page 5.

Method of handling abstracts and unpublished studies
No searching of the grey literature performed.

Description of any contact with authors
One corresponding author was contacted for additional information from a study, however no reply was received.
Reporting of methods should include 
Description of relevance or appropriateness of studies assembled for assessing the hypothesis to be tested Table 1 .
 Rationale for the selection and coding of data Methods, Table 1 . Table 1 .  Assessment of study quality, including blinding of quality assessors; stratification or regression on possible predictors of study results  Table giving descriptive information for each study included Table 1 .

Assessment of confounding
 Results of sensitivity testing Figure 3 , Table 2 .

Indication of statistical uncertainty of findings
Results text, Figures 2-4 , Table 2 . 
Reporting of discussion should include
